A precise and accurate method for the identification and authentication of Phyllanthus niruri L. from P. debilis Klein ex Willd. and P. urinaria L., Phyllanthaceae, was developed using high-performance liquid chromatography. Chromatographic fingerprint analysis was combined with simultaneous quantification of phyllanthin and hypophyllanthin for the developed method. Phyllanthin and hypophyllanthin were successfully separated and quantified under this proposed method. The highest amount of phyllanthin and hypophyllanthin was found in P. niruri compared to P. debilis and P. urinaria. Fingerprint chromatogram of the three Phyllanthus species showed distinct profiles that these may be used to identify and authenticate each Phyllanthus species, which improved by marker compounds present in each species. The combination of chromatographic fingerprint analysis and discriminant analysis was successfully discriminated all three species, including P. niruri adulterated with P. debilis or P. urinaria. The method can be used for the identification and authentication of P. niruri from related species, such as P. debilis and P. urinaria.
Introduction
The genus of Phyllanthus belongs to the family of Phyllanthaceae comprising of more than 600 species and one of them is Phyllanthus niruri L., which mostly found in the tropical and subtropical regions. P. niruri has a long history in some traditional medicinal system, such as Indonesian Jamu, Indian Ayurveda and Traditional Chinese Medicine, to prevent or treat various diseases (Bagalkotkar et al., 2006) . In Indonesia, P. niruri is known as meniran and usually grown like a weed on agricultural and wastelands. Considering its efficacy to treat many diseases and maintaining health, P. niruri is considered as one of the most important medicinal plants in Jamu. P. niruri has been used to treat health problems such as diarrhea, jaundice, wounds, diabetes, diuretic, stomachache and hepatitis (Joseph and Raj, 2011; Patel et al., 2011) . P. niruri denotes many pharmacological activities such as antioxidant (Lim and Murtijaya, 2007) , antiviral (Tan et al., 2013) , antidiabetic (Adeneye, 2012) , anti-inflammatory (Kassuya et al., 2005) and hepatoprotective (Pramyothin et al., 2007) . It is also used to improve the immune system (immunostimulant) (Taiwo et al., 2009) . P. niruri has numerous secondary metabolites such as lignans, alkaloids, flavonoids, hydrolyzable tannins (ellagitannins), triterpenoids and polyphenolic compounds (Patel et al., 2011) . The primary bioactive compounds present in P. niruri are lignans, such as phyllanthin (1), hypophyllanthin (2), phyltetralin, nirtetralin and niranthin (Murugaiyah and Chan, 2007; Shanker et al., 2011) . Compounds 1 and 2 are two lignans commonly used as marker compounds in the quality control of P. niruri as described in Indian Pharmacopoeia (2010) .
Since the efficacy of a medicinal plant depends on more than one single chemical compound that work synergistically, there https://doi.org/10.1016/j.bjp.2018.04.014 0102-695X/© 2018 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND license (http:// creativecommons.org/licenses/by-nc-nd/4.0/). are two approaches in the quality control of herbal medicine, i.e., multicomponent-based and pattern-based approaches from the chromatograms, spectrum or other graphs from chemical instrumentation. The pattern-based approach, which is also known as the fingerprint analysis, can reveal all detectable compounds in a medicinal plant, and therefore, it could be applied in the detection of adulteration of raw materials of herbal medicinal products (Mok and Chau, 2005; Ma et al., 2011) . On the other hand, quantitative analysis of multicomponents can reveal the concentration of bioactive compounds in a medicinal plant. Therefore, the combination of chromatographic fingerprint and quantitative analysis of multicomponents often used for the complementary properties between these approaches makes it more comprehensive for identification, discrimination and authentication of medicinal herbs. This combination has been used, for example, in the quality evaluation of xiaoyanlidan tablets (Tang et al., 2014) , authentication of Curcuma xanthorrhiza from C. longa (Rafi et al., 2015) and chemical characterization of two morphologically related Espeletia, Asteraceae, species (Padilla-Gonzalez et al., 2016) .
There are two closely related species that have similar morphology and grow sympatrically with P. niruri, i.e., P. debilis and P. urinaria. These may lead to misidentification and quite vulnerable to adulteration of P. niruri from P. debilis and P. urinaria. Therefore, a simple and reliable chemical analysis method should be developed for the identification and authentication of P. niruri using the secondary metabolite profiles. Several analytical methods using HPLC have been developed for quantitative determination of the two lignans of these species, phyllanthin (1) and hypophyllanthin (2) (Murugaiyah and Chan, 2007; Shanker et al., 2011) , as well as for chromatographic fingerprint analysis (Martins et al., 2011) in some Phyllanthus species. HPLC with ultraviolet (UV) or photodiode array (PDA) detection is widely applied for those two analytical methods attributed to its convenience and efficiency.
Previously reported analytical methods for P. niruri were only developed for quantitative analysis for its marker compound or chromatographic fingerprint analysis alone. There is no reported work combining the chromatographic fingerprint and simultaneous quantitative analysis of 1 and 2 for the identification and authentication of P. niruri from P. debilis and P. urinaria. In this study, we developed a simple and reliable method for the identification and authentication of P. niruri by combining the two approaches (simultaneous quantification and HPLC fingerprint analysis) with one multivariate analysis, i.e., discriminant analysis. The developed method can be used for the identification and authentication of P. niruri from related species, such as P. debilis and P. urinaria.
Materials and methods

Plant material
Twenty samples consisting of six samples of Phyllanthus niruri L., eight samples of P. debilis Klein ex Willd. and six samples of P. urinaria L., Phyllanthaceae, were collected in the year 2017 from eight different locations in West Java province, Indonesia (Box 1). All samples were identified in Herbarium Bogoriense, Research Center for Biology, Indonesian Institute of Science. All samples were dried at 40 • C, pulverized, and sieved (60-mesh) before analysis. Three simulated samples of P. niruri adulterated with 25, 50 and 75% of P. debilis and P. urinaria were also used.
Chemicals and reagents
Phyllanthin (1) and hypophyllanthin (2) were purchased from ChromaDex Inc. (Santa Ana, CA, USA) with about 98.9% purity. All solvents used for the analysis were obtained from Merck Box 1: Origin and code of the Phyllanthus species samples.
No.
Origin (sub-district, regency) Sample code P. niruri P. debilis P. urinaria
Purwadadi, Subang PN-6 PD-6 PU-6 7
Pondok Gede, Bekasi -PD-7 -8
Ciomas, Bogor -PD-8 -(Darmstadt, Germany), i.e., methanol (HPLC grade), ultrapure water from purification system of Direct-Q ® 5 UV-R, and formic acid (purity 98-100%). All standards and samples were filtered through 0.2 m nylon membrane filter obtained from Whatman (Kent, UK). The HPLC mobile phase was prepared fresh daily, filtered through 0.2 m polyvinylidene difluoride (PVDF) membrane filter obtained from Waters Corp. (Milford, Massachusetts, USA) and degassed before analysis.
Apparatus and chromatographic conditions
The HPLC system used was LC-20A series (Shimadzu, Kyoto, Japan) equipped with a UV detector. The chromatographic separation was performed on a Luna C18 (2) column (150 mm × 4.6 mm, 5 m) (Phenomenex, Torrance, CA, USA). The mobile phase consisted of methanol (solvent A) and aqueous solution of formic acid 0.5% (v/v, pH 2.3) (solvent B) at a flow rate of 1 ml/min. The gradient elution program was set as follow: 0-3 min, 23% A; 3-9 min, 23-35% A; 9-16 min, 35-42% A; 16-17 min, 42-70% A; 17-29 min, 70% A; 29-30 min, 70-100% A; 30-40 min, 100% A. This was followed by a 15 min equilibrium period prior to the next injection. The chromatogram was monitored at a wavelength of 210 nm during experiment. The column temperature was maintained at 34 • C and the injection volume was 20 l.
Preparation of samples and standard solutions
Powdered samples of 200 mg each were accurately weighed and sonicated with 10 ml methanol for 60 min at room temperature. The samples were then filtered through a 0.2 m nylon membrane filter, and methanol was added to a final volume of 10 ml before injected into the HPLC system. A mixed of standard stock solution of PTN and HPN was prepared in methanol at a concentration of 1000 g/ml. An appropriate amount of standard stock solutions was diluted with methanol to obtain six concentrations in the range of 1.05-83.87 g/ml for 1 and 2.10-83.87 g/ml for 2. The calibration curve was obtained by plotting the peak area (y) against concentration (x) of each compound and were fitted to a linear regression equation of y = ax + b.
Method validation
Quantitative analysis of phyllanthin (1) and hypophyllanthin (2) was validated following the International Conference on Harmonization (ICH) guidelines (ICH, 2005) in terms of linearity of the calibration curves, accuracy, precision, stability, limit of detection (LOD) and limit of quantification (LOQ). The linearity of the calibration curve of each analyte was evaluated by plotting the peak areas (y) versus the concentrations (x, g/ml). Recovery test was used to determine the accuracy of the analytical method. The accuracy (recovery test) was performed using standard addition HPLC fingerprint analysis was performed by evaluating intraand inter-day precision and stability which expressed as relative standard deviation (RSD) of the relative retention time (RRT) and relative peak area (RPA) of the characteristic peaks to the reference peak (peak number 9).
Statistical analysis
Discriminant analysis was performed in XLSTAT ver 2012 software (Addinsoft, New York, USA) for the identification and authentication of P. niruri from P. debilis and P. urinaria.
Results and discussion
Optimization of HPLC condition
To obtain the most chemical information and good separation for chromatographic fingerprint and quantitative analyses, we optimized the mobile phase composition, gradient elution procedure and detection wavelength. We used mixed standard solution and PN-1 sample in this step to obtain the optimum condition. The mobile phase containing methanol-water gave better separation for phyllanthin (1) and hypophyllanthin (2) compared with acetonitrile-water. In order to give a better resolution, formic acid, phosphoric acid and acetic acid were added to the aqueous phase of a binary mixture of methanol-water. As a result, mobile phase consisting of methanol-0.5% formic acid in water (v/v, pH 2.3) was found to be optimum for chromatographic fingerprint and quantitative analyses of 1 and 2 (Fig. 1) .
The resolution of phyllanthin (1) (peak 7) and hypophyllanthin (2) (peak 8) in the mixed standard solution was >1.5 (acceptance criteria for resolution >1.3) with a total analysis time of 40 min (Fig. 2a) . The resolution of all common peaks in P. niruri, P. debilis and P. urinaria samples was also >1.5 (Table 1) . Chromatograms of 1 and 2 in P. niruri sample and the mixed standard solution at detection wavelength between 210 and 370 nm were observed. Detection wavelength of 210 nm was selected for the chromatographic fingerprint and quantitative analyses because it provided higher signal intensities of target compounds and all detectable separated compounds.
Validation of the developed method
The linear regression equation was expressed as follow: y = 123 450.5608x − 1277.5080, r 2 = 0.9988 (phyllanthin (1) linear range was 1.05-83.87 g/ml) and y = 71 488.0543x + 4591.6544, r 2 = 0.9974 (for hypophyllanthin (2), linear range was 2.10-83.87 g/ml) (Fig. 3 ). All calibration curves showed a good linear regression within the test ranges (acceptance criteria: r 2 ≥ 0.995). Data of calibration curves of 1 and 2 are shown in Table 2 . The LOD and LOQ of the two analytes were determined at a signal to noise ratio (S/N) of 3 and 10, respectively (Fig. 4) . The LOQ of 1 and 2 were 1.05 and 2.10 g/ml, respectively. The chromatograms used for LOQ evaluation are shown in Fig. 5 . The LOD of 1 and 2 were 0.31 and 0.63 g/ml, respectively.
The recovery of 1 and 2 were found to be 98.78-100.20 and 97.72-99.97%, respectively, and in accordance with acceptance uV (x10,000) uV (x10,000) criteria of recovery about 80-120%. These results indicated that the assessed method was accurate and reliable. The RSD values of intra-and inter-day repeatability were less than 1.83 and 1.59%, respectively, and below the acceptance criteria value for repeatability (RSD ≤ 2%). These results showed excellent repeatability of the analytical method. The RSD values of stability were <1.02% with the acceptance criteria of RSD for stability ≤2%) which indicated that the analytes were stable within 48 h. The results of accuracy, precision and stability are summarized in Table 3 .
Peaks existed in samples with narrow peak shapes (tailing factor < 1.2), good resolutions (resolution > 1.3) and high intensities compared to the other peaks were assigned as characteristic peaks. There were nine characteristic peaks (peaks 1, 2, 5, 6, 7, 8, 9, 10 and 11) found in the fingerprint chromatogram of P. niruri (Fig. 2b1 ).
Table 2
Analytical data of calibration curves of phyllanthin (1) and hypophyllanthin (2).
Phyllanthin (1)
Hypophyllanthin (2) Concentration ( Phyllanthin (1) and hypophyllanthin (2).
Table 4
Analytical data of precision and stability of nine characteristic peaks in PN-1 sample.
Peak number RSD of RRT (%) RSD of RPA (%)
Intra-day precision (n = 6) Inter-day precision (n = 3) Stability (n = 6) Intra-day precision (n = 6) Inter-day precision (n = 3) Stability (n = 6) Peak 9 was chosen as the reference peak since it had a large peak area. The RSD of RRT and RPA of the characteristic peaks for intraand inter-day precision and stability test were less than 0.53 and 1.61%, respectively. The acceptance criteria for precision is ≤2%. The analytical results of the precision and stability for chromatographic fingerprint are shown in Table 4 . These results indicated that the developed method was reliable for simultaneous determination of 1 and 2 and HPLC fingerprint analysis of P. niruri.
Quantitative determination of phyllanthin (1) and hypophyllanthin (2) The proposed HPLC method was successfully applied to simultaneously determined 1 and 2 in the three Phyllanthus species used in this work. About 20 samples comprising of six samples of P. niruri, eight samples of P. debilis and six samples of P. urinaria were analyzed. The analysis of each sample was performed in triplicates. The contents of 1 and 2 in the six batches of P. niruri were in the range 0.73-3.05 and 2.58-6.27 g/mg, respectively. The large variation of 1 and 2 contents in samples from different areas may be due to many factors, such as geographical conditions, environmental growth conditions and the age of the plants. Meanwhile, the contents of 1 and 2 in P. debilis and P. urinaria are mostly not detected except in the samples of PD-2 and PU-5. Overall, the contents of 1 and 2 in P. niruri are significantly higher than in P. debilis and P. urinaria (Fig. 5) . These results showed that the proposed method could be used to identify and discriminate P. niruri from P. debilis and P. urinaria based on the contents of 1 and 2 in the samples.
Authentication and determination of Phyllanthus niruri from P. debilis and P. urinaria
The proposed HPLC fingerprint method was successfully applied to the three Phyllanthus species obtained from Rajapolah, Tasikmalaya (PN-5, PD-5 and PU-5). There were 11 common peaks found in all chromatograms. There are nine characteristic peaks (peaks 1, 2, 5, 6, 7, 8, 9, 10 and 11) for P. niruri (Fig. 2b1 ), five characteristic peaks (peaks 1, 2, 4, 5 and 11) for P. urinaria (Fig. 2b2 ) and four characteristic peaks (peaks 1, 2, 3 and 11) for P. debilis (Fig. 2b3) . In order to discriminate P. niruri, P. debilis and P. urinaria, the fingerprint chromatograms of all samples were compared. The result showed that six peaks with relatively high intensities (peaks 5, 6, 7, 8, 9 and 10) were typical peaks for P. niruri. These peaks may be used for identification and discrimination of P. niruri from P. debilis and P. urinaria (Fig. 2b) . Peaks 3 and 4 were typical peaks for P. debilis and P. urinaria, respectively. These peaks can be used for authentication of P. niruri if there is a contamination from P. debilis and P. urinaria as can be seen in Fig. 2c when P. niruri adulterated with P. debilis and P. urinaria. The intensity of typical peaks for P. niruri was linearly decreased with the increasing adulterant concentrations (P. debilis and P. urinaria). These results showed that the chromatographic fingerprint might be used for authentication of P. niruri from P. debilis and P. urinaria.
Authentication of P. niruri from P. debilis and P. urinaria could be indicated by visual observation of their fingerprint chromatograms in addition to discriminant analysis (DA) used in this study. DA is one of the supervised pattern recognition analyses and mostly utilized for a discrimination or classification purpose of the object. DA will generate a discriminant function (DF) for each group by searching a linear combination of data that will give separation of two or more observation groups. In this study, DA was used for authentication and discrimination of P. niruri, P. debilis and P. urinaria samples based on the peak areas of 11 common peaks. DA was performed on 38 objects (20 individual and 18 adulterated samples) and 11 variable data matrices.
The individual sample used is six P. niruri samples, eight P. debilis samples and six P. urinaria samples. The adulterated samples used were from six adulterant samples (PD-3, PD-5, PD-6, PU-3, PU-5 and PU-6) with three-level adulteration concentrations (25, 50 and 75%). The result of DA showed that the total variance of two discriminant functions (DF) was 98.55% (DF1 = 95.32% and DF2 = 3.23%). This result showed that the individual samples (P. niruri, P. debilis and P. urinaria) and adulterated samples (P. niruri with P. debilis and P. niruri with P. urinaria) could be classified into their own groups as shown in Fig. 5 . Leave one out cross-validation was used to validate the DA model and gave about 74% of samples were correctly classified into their groups. In this case, peak areas of the 11 common peaks are adequate predictors for authentication and discrimination of P. niruri, P. debilis, P. urinaria and P. niruri adulterated with P. debilis and P. urinaria. So, by using a combination between marker peaks in the three samples and DA plot, we could detect an adulteration of P. niruri with P. debilis and P. urinaria.
Conclusions
In this study, a simple, accurate, and reliable method was developed for the identification and authentication of P. niruri from P. debilis and P. urinaria using the established HPLC fingerprint combined with simultaneous quantification of phyllanthin (1) and hypophyllanthin (2). The results showed that the method was reliable with high accuracy and precision. For the quantitative determination, it was found that 1 and 2 contents in P. niruri were much higher than P. debilis and P. urinaria. HPLC fingerprint analysis combined with DA could be used for the discrimination and authentication of P. niruri from P. debilis and P. urinaria. The developed method, therefore, has a great potential to be widely used for the identification and authentication of P. niruri in the quality control process of its raw material.
